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Purpose

This paper descrilsghe original plansprogress and accomplishments, and future diamnsine oil shale
research, development and demonstration (RD&D) projects on six existing RD&D leases awarded in
2006 and 2007 by the United Stafespartment of the InterioBureau of Land Manageent(BLM) to

Shell, Chevron, EGL (how AMSO), and OSEC (now Enefit Amerigaspectively, as well as three
pending leaseso Exxon, Natural Soda, and AuraSoyrtieat were offered in 2010The outcomes
associated with these projects are expected todiakal applicability

|. Background

The United States is endowed with more than 6 trillion barrels of oil shale resources, of which between
800 billion and 1.4 trillion barrels of resources, primarily in Colorado, Wyoming, and Utah may be
recoverable usip known and emerging technologi€Bigure 1) These resources represent the largest

and most concentrated oil shale resources in the world. More than 75 percent of these resources are
located on Federal lands managed by the Department of the Interior

BLM is responsible fomaking land use decisions and managing exploration of energy and mineral
resource on Federal lands. In 20fising oil prices and increasing concerns about the economic costs and
security of oil importggave rise to a BLM oil shale search, development and demonstration (RD&D)
program on lands managed by BLM in Colorado, Utah, and Wyoming.

The purpose of the program was to addwes=ertaintieconcerninghe economic and technical readiness
of oil shale technologies, and potentiahvironmental and socieconomic impacts of oil shale
developmenton affected communitiesThe scope of the program was to lease small tracts of Federal
lands to privately owned energy companies for the purpose of conducting long term oil shale RD&D.

In 2005, the United States Congress passed and the Presidentisigriad the 2005 Energy Policy Act
(Pub.L. 10958). Thi s Act incorporated BLM6s RD&D program
unconventional resources.

Since thenBLM has conducted twoounds of RD&D leasing In the first round, which was completed in
2007, six leases were awarded to four different lesteese RD&D activities have been underway since
then. The second round was initiated in 2010, which resulted in a determinadiwartbthree leases to
three lessees. The second round award process is still in progress.

The maincriteria for awarding RD&D leases were

A The ptentialfor advaning technological understanding and developgffgctive technoloigs.
A The potentiafor economic viability.
A The potential for environmental and social sustainability.

A summary of BLM RD&D leasing activities is provided in Table 1 below. Table 2 provides a summary
of the terms of the RD&D leases for each of the two rounds of leasinge Igrovides a summary of
the projects, ongoing and proposed, for all nine BLM RD&D leases
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Table 1: Summary ofMajor BLM Oil Shale RD&D Lease Activities®

Date BLM Action

2003 BLM initiates review of Oil Shale leasing.

November 2004 | BLM seeks publiégnput on the terms for small tract (40 ac) RD&D leasing in CO,
WY, & UT.

June 2005 BLM solicits nominations of parcels for RD&D leasing in CO, UT, and WY (first
round).

August 2005 Energy Policy Act of 2005 is enacted.

September 20, BLM announceseceipt of 19 nominations for 16fcre leases with a 4,960 acre

2005 preference right to convert to a 20 year commercial lease after demonstration.

January 17, 2006

BLM accepts 8 proposals from 6 companies for further consideration: NEPA
Environmental Assessnts (B&s) result in Finding of No Significant Impact

December 2006 to
June 2007

Awards six RD&D leases to: Chevron Shale Oil Co.; EGL Resources Inc (now
AMSO); Oil Shale Exploration Company (now Enefit); and Shell Frontier Oil & G
(3 leases)

January B, 2009

BLM Federal RegisteNotice (74 FR 2611) calls for nominations for a second rour
of RD&D leasing;

February 27, 2009

BLM withdraws 1/15/09 Call for Nominations and requests Public Comments (74
8983) on RD&D leasing.

November 3, 2009

BLM solicits nominations for RD&D leases in CO, UT, WY (second round)

January 2010

BLM selects three nominations for further consideration, pending BLM NEPA
analysis: ExxonMobil (CO); Natural Soda Holdings (CO); and AuraSource (UT)

Table 2: ' Round and 2™ Round RD&D Lease Terms

Term

1% Round 2" Round

RD&D Lease Size (Ac)

160 ac 160ac

Preference Area (Ac)

4,960 ac 480ac

Application Fee ($)

$2,000 $6,500

Lease term

10 years, with 5 yr extension 10 years, with 5 yr extension

Diligence Requiremens

Based on Plan of Operations
approved by BLM

Plan of development within 9 months
State & local permits within 18 months
Infrastructure deployment in 24 months
Quarterly progress reports

Rental $.050/ac Mineral Lease Act / $.050/& Mineral Lease Act/ $2.00/ac
$2.00/ac under|under EPAct 605

Royalty Waived during RD&D period Waived during RD&D period

NEPA Completion of Environmental | Additional environmental studies requirg

Assessment (EA)

Selection criteria

Potential to advance technology
undestanding

Potential for economic viability
Potential for environmental and
social sustainability.

Same as 2005 plus: Information about
water, GHG emissions & carbon captur
and minimization of surface & wildlife
impacts.

Other

Addenda allow lessedo chase | Rentsandroyalties to be paid per

which regs govern conversion fif
new commercial lease regs are

issued.

regulations in effect at time of conversig
Limit 1 application per company
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Table 3. Summary of BLM RD&D Projects

Company / Lease Date| Setting |

Location

Technology

Projects on Six First Round Active Leases (Awarded 2008007)

EGL Resources Inc (now | In-Situ | Rio Blanco Co. CO; | Originally: Heated gas injection
AMSO) Piceance Basin Current:- Conduction, Convection,
12/15/06 Reflux (CCR) process using thermo
mechanical fracturing andoiling oil
Chevron Shale Qil Co. In-Situ | Rio Blanco Co, CO; | Rubblization of formation followed by
12/15/06 Piceance Basin heated gas injection
Enefit American Oil Surface | Vernal, UT / Untah | Mining w Surface retorts
(formerly OSEC) Basin Original Alberta Taciuk Processor (ATP
6/21/07 Considered Petrosix VSR
Current: Enefit 280
Shell Frontier Oil & Gas In-Situ | Rio Blanco, CO, CO;| ICP w/ downhole encased heaters
(Site1) 12/15/06 Piceance Basin
Shell FrontierOil & Gas In-Situ | Rio Blanco, CO, CO;| Hot waterleaching ofNahcolitew/ICP
(Site2) 12/15/06 Piceance Basin
Shell Frontier Qil & Gas In-Situ | Rio Blanco, CO, CO;| E-ICP w bare wire electric heaters
(Site 3) Piceance Basin
Projects on Three Second Round énding Leases (11/09Applications)
Aura Source Surface | Vernal, UT; Uintah | Surface mining Chinesesurface retort
Basin, UT
ExxonMobil In-Situ | Rio Blanco Co, CO; | Electric heating with charged conductivs
Piceance Basin material(ElectroFrac)
Natural Sodaloldings In-Situ | Rio Blanco Co, CO; | Chemical leahing with natural lift
Piceance Basin

II. Projects on Six First Round Active Leases

There are six active RD&D leases on BLM lands, as shown in FRjiiéive of the six active RD&D
projects on BLM lease@ll in Colorado)seek to demonstrate the technical, environmental, and economic
viability of in-situ (subsurface) heating of oil shale to convert kerogen to hydrocarbon liquids and gases
and produce them to the surface The sixth is a surface retanjegtgn Utah

Figure 2: Locations of the SixActive RD&D Tracts and Associated Peference Right Areas
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A. American Shale OIILLC (Formerly EGL Oil Shale LLC)

1. Original Plans

Resource On December 15, 2008LM issued a RD&D lease to EGL Oil Shale L€ test the use of

an insitu retorting technology in a0-foot-thick section of the Maha@my and R6 Zones in the Green
River Formation in the Piceance Ba$ifigure3) The tract is located approximately 27 miles northwest
of Rio Blanco, CQon a ridge at elevations between 6,795 a96¢% feet above sea level. Thieale in
these zoness estimated to have a recoverable oil content of approximately 25 gallondz@h. Oil
Shale LLC was subsequenttpld to IDT Corporation and the company was renamed American Shale
Oil, LLC. The company is now ownesD/50by Total andGenie Energy In Octoler 2011, Genie was
spun off from IDT and is now a separately traded public company (NYSE: &X&&nieEnergy is the

operating partner through the demonstration phase of the AMSO LLC oil shale RD&D project.

Proposed Technology and Approachin its origiral proposal, EGL Hereafter referred to as AM$O
proposed to test the potential @fclosedoop passive heating technology. The approach envisioned a
closed piping system through which a heated fluid would be circulated to heat the formation to pyrolysis
temperature. The fluid would be heated at the surface, using natural gas or jmmdaparleRD&D period

and eventually produced hydrocarbon gases. The heating pipes would be drilled vertically from the
surface to the base of the@formation, then horizaally through the formation and then rise vertically

back to the
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The developers anticipated a six to seven year work program summarized id falolenduct lab work,
bench tests and modelinigivestigate drilling and completion methpdsdinvestigate various forms of
heating.This would be followed by a siyear period to plan and complete a commercial demonstration.

Table 4: Initial EGL RD&D Plan, Objectives and Milestones (As Proposed)

Six Planned Phases

Research Goals and Field Objectives

Analysis (01/06 06/06)

A Operatims Plan and Environmental Assessment

Research (01/0606/07)

A Planning; lab tests; field studies; field test design; monitor well tests

Field Testing (06/07 12/15)

A Resource characterization

A Energy delivery systems

A Product recovery systems

A Reservoithydraulic fracturing ano
other stimulation methods

A Optimization of energy recovery

A Operations and environmental
protection/reclamation

Directionaldrilling techniques for injection wells below R6
Methods of placing heat injection pipe in wells & secgri@sings

Directional

A
A
A Methods for allowing thermal expansion of injection piping system
A
A

injection holes and production zora flow and refluxing of
hydrocarbos.

A Methods of placing gravel or sand in the spider wells to maintain a j

in which reflux of hydrocarbons can occur. Design of surface
condensers, tanks, separators, hetadaters, etc.
A Design of surface condensetanks, separators, heategaters, etc.

dril |l ingi (#spiderwellsh i d
Demonstration of hydraulic fracturing establish fracture zone betwee

Commercial Design (06/1206/13)

Commercial Demo (06/18 06/18)

Comm. Production (06/186/20)

2. Progressand Accomplishments

Since the submission of the initial Plan of Operations, AMSO has made tjgo mzdifications to its
RD&D program as a re#wf its preliminaryresearch and analysis phas&sese major changes relate to
the target formation for initial pilot testing and significant modifications to the technology to employ a
downhole heater. Mamended Plan of Operation has been apprayeitie BLM.
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Figure 3: Oil Shale Bearing Formations and Aquifers in the Piceance Basin
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New Target Formation for Development: Concerns about groundwater intrusion and protection of
groundwater quality in the B zone and nearby aquifers led to a major decision to target a deeper oll
shale formation. Thdlite shale resources lay below the3 saline water bearing zone in thelRand RO

zones and are isolated from ground water intrusion by a Nahdolit®il shalelayer that serves as a
caprock. This target zone is the depositi@glivalent otthe Garden Gulch ember of the Green River
Formation(Figure 3)% This change will eliminate the requirement for a freezewall or other methodology
to prevent groundwater intrusialuring the RD&D phaséNater bearing zones above the targeezwill
beisolatedusing conventional well technologies. AMSO intends to demonstrate the isolatfeeretort
zoneby the intervening nahcolitic oil shale.

Modification to Proposed InSitu Heating Technology: The developers have made a significant
modfication to the proposed heating technology. AMSO observed thathicolite recovery opations

in the
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ovoluiné€ foe eontinued spallation is eted by removal of thenahcolited™ AMSO

hypothesized that by analogy the same effect could be achieved in oil shale operations by pyrolysis of the
embedded kerogen.This thermemechanicalracturing eliminates the need for hydraulic fracturing of

the shé&e formation before heating. Rather than using surface equipment to heat the circulated fluids, a
downhole heater, fueled by produced hydrocarbons will be used. This technology reduces heat loss
between the surface facilities and the target formation &ul @otectsthe quality of the intervening

groundwater.
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Conv e ctprooass contbiads Ithe xse of daerizoritaC Welso
heated downhole (via downhole burner) and other horizontal or vertical wells, which provide both heat

transfers through refluxing of generated oil and a means to collect and produce the oil. Two parallel wells

are drilled v

ertically

to the

base

heater well and the upper well gathére produced gases and vapors for production to the surface. The
only fluids to be injected are recycled fractions of the produced oil in order to optimize the properties of

of

t he

the insitu oil pool for refluxing.In this configuration, AMSO expects to acleéean energy return on
investment of 4 to 5 times the energy invested. The process is expected to use less than one barrel of

water per barrel of oil produced. In a commercial scale application, the facility is like to deploy array of

horizontal wells 30 det apart going 2,000 feet Igng shown in Figuretl. (Note: In the test areahe
water table is about 650 &nd the salinity is low, slightly increasingwnto the nahcolitic oil shale.)
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~The AMSO CCR Conduction, Convection and Reflux Process. Two horizontal wells target the illitic oil sha
below a nahcolitc caprock. The heating well is at the base and the production well is at the top of the shale
(left). As heat causes the kerogen to decompose, the lighter products rise and condense (right), efficiently
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AM SO sevisedschedule of phases and major activities, reflecting its modified Plan of Operations,

shownin Table 5.

A The AMSD concept for commercial-scale production. By using long
horizontal wells cancentrated in a 200-ft corridor, drilling should impact
less than 10% of the surface area. While ong 2,000-ft square panel is being
heated and converted in situ, wells will be drilled in an adjacent panel. The
operation is projected to produce abowt 1 billion bbl of shale oil over &
25-year period.

Figure 5: AMSO6 RD&D and Commercialization Schedule (As of October 2011)

Commercial Phase ‘

RD&D Phase
Pre-Application Work Post-Application Work
- 2013-2016 . . 2020 andon
" 2008-2012 ¢ v 2017-2019 e >
Characterize Site | Develop Support commercial
Conduct conversion conversion and
IDesign-Build Pilot . application permitting
Pilot Commercial
Design-Build Conduct Operations
Demonstration ||[Demonstration Refine process
Evaluate opti
| Conduct supporting experiments and modeling vainate options
Engineering/Design
| Develop downhole burners
| Demonstrate CO , sequestration
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Table 5: AMSO' In-Situ Project in Colorado (Lease Issued 01/01/07)

RevisedPlan Elements Progress Relativeto RevisedPlan

A. R&D Goals

Phase |: Site Characterization and Baseline | A Estalished baseline water chemistry at three depth

A Determine hydrology baseline intervals in wells surrounding the retort area

A Determine resource geology and geochemiy A Determined oil shale grade and mineralogy as a

A Develop a process model function of depth through the entire Green River

Phase II: formation

A Conduct one or more retort tests to refine | A Conducted pyrolysis and rock mechanics experimel
AMSOQ' understanding of the geess A Devdoped process models with varying degrees of

A Improve process modeling completeness

A Demonstrate lease conversion criteria A Developed a downhole electric heater for the pilot te

Phase lll:Transition to Commercial Lease A Conducted smalscale experiments on downhole

A Continue small scale operations to enhance  burners and carbon sequestration
process and reclamation technologies

A Conduct engineering analyses to design a
commercial process

B. Milestones & Activities

1. Characterize site by 2010 A Conpleted 2010

2. Design Pilot by 2009 AAMSO6s initial design f
scrapped and new downhole heater (CCRjasde
signedand testegtarget zone shifted from-BRto R1

A Design of surface and downhole facilities was
completed in 2010

3. Canduct Pilot by 2011 A Plannedield pilot by 2012

A Progress delayed additional engineering and
permitting issues

A All permits have been received

A Plan of Development for Pilot approved

A Pilot facilities are installed

A Heatinginitiated, stopped, to resumedaBpring 2012

4. Start design semivorks by end of 2011 A Will depend on pilot plant results

A Additional pilot could be requirebasedon outcome
5. Startsemiworks by end of 2014 A May still be on track, pending pilot
6. Develop downhole burners by end2if14 A Progressn smalkscale lab tests

7. Demonstrate C{sale or sequestration by er| A Laboratory experiments in progress
of 2014

3. Current Status and Future Plans

Current Status (As of April 2012):

All of the analysis phaseperations planning and éranmental assessment waskcomplete.

Site characterization and baseline establishment activities were conipleheiting and studies.
All BLM permits had been received to allow site development and pilot testing.

Surface facilities for pilot plant gpations were constructed, instrumented, and commissioned.
Six tomography wells were drilled.

Heater and production welgere drilled andhear completion.

Instrumentatiorwasdesigned, constructed, and installe¢h@ater, monitgrand production wells.
Cementingand testingf the production wellcasing wasompleted

Problems identified with downhole equipment during an initial test in late 2011 delayed initiation of
the full pilot test.

Too oo Too Too Too To T T I
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Next Steps

Thepilot facility is expectedo begin heating thiarmationin late Spring 2012

A The pilot test will measure the efficiency and robustness of transferring heat into a boiling oil pool
and determine the need for surface refluxing.

A Multi-week testing segments at different pressures will determine the effgaressure on oil
properties and rates of heat penetration as a function of retort size

A Geophysical and temperature measurements will measure relative directional growth rates

A Additional experiments will be defined based on the results of the ipiiall testing.

Retort RD&D and Commercial Conversion Application (2009- 2016): Between now and 2@l
AMSO will heat the reservoir and test the performance of its CCR technology while measuring
environmental impacts relative to the established environinbateline and early engineeribgsed
estimates of surface, subsurface and other impacts. Based on theafethdtpilof AMSO will build

and operate a pilot plant and subsequeedpects to buildarger scale production facilities that will
demonstate the commercial viability of its process. At the conclusion of this phase, upon meeting all
lease requirements for commercial conversion, AMSO plans to apply for a commercial lease

Transition from Commercial Conversion Application to Commercial Leaselssuance:A third phase

will include continued R&D at this site that would be conducted as needed to enhance the conversion to
commercial operations, including improving process and reclamation technology. AMSO expects that the
primary commercial operatigrwill be started several miles from the RD&D Tract, but some ssnale
commercial operatidmay be conducted at the RD&Eadt. Once RD&D is complete, facilities tho
required for commercial operations will be decommissioned and the affected ardesredlaimed

B. Chevron Oil Shale Company

1. Original Plans

Chevron Oil Shal eds BLM RD&D |l ease is |l ocated clo
the other four active RD&D leasds Section 5/T3s/R97WH* The proposed resource targgetheoil-

rich Mahogany zone, an oil shale deposit that is approximately 200 feetth@zfkevron estimates that

the deposit has an estimated 280lion barrels in placgusing 35 gallons per ton minimum eoff

grade).The estimated volume of recovbla resources is dependent on the technologyisied yet

unknown'®

ProposedTechnology

Chevron proposed to test and prove asiin development and production method that would apply
modified fracturing technologies as a means to control and comiproduction process within the

target interval. The approach is aimed at reducing the environmental footprint and water and power
requirements compared to past shale oil extraction technologies. Chevron plans to target shale beds
capped by impermeablesglogical formations that can permanently prevent groundwater from seeping
through the contaminated rubble

In contrast to steady heating apaches being developed by Shell and AM&0evronis working with

sciertists fromLos Alamos National Laboratorgnd theUniversity of Utahto investigate a variety of

methods to usehemistry to produce oil from the rock. Thus far, the preferred technology appears to be
Chevron6és CRUSH (Chevron's Technology for the Rec
involves rubblizing rich swaths of shale with precisely controllednit@ explosions beferinjecting a

solvent (such as superitical carbon dioxide) to separate the kerogen from the shale. Once dissolved by

the chemical reaction, the enenggh hydrocarbons in the kerogen could be pumped out using a
conventional produmn well. (Figure 6)
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Chevron expects CRUSH to use le Figure6.Chevrono6s CRUSH Tec|l
energy and water than other in sit.

methods The pocess also sequestere

CO; in-situ reducing greenhouse gz gopfsgﬁrc?itg;/ttr::lir:em

emissions. Chevron expects CRWS

to be net "producer” of watét Upon /" from —s
completion of prodction in a zone, Ve
in-situ  combustion of the residual
carbonis induced by bt air injection.
This will consume immobilizet or un-

extracted hydrocarims. The hot
combustion gaess will be used as a
heat source for adjacenun-retorted
areas?

AN

2 NGreen River
Formation

: : Fractused
i ; Forfiation

RD&D Approach and Activities Progucing  Injection
Well well
Ch e v rRD&Dbgsals are to:
Groundviates
A Maximize use of potential e

resources within the oil shale
formation without disrupting the surrounding environment.

A Demonstrate feasibility of isitu combustion of the residual organic material left in the &bion
after the initial kerogen heating and recovery protesshieved0+% recovery of the total energy
in the target zone of the formation.

A Evaluateprocesses to recover the waste heat in the liquids produced from the forifiaibnthe
produced wateand shale oil will contain residual heat as these streams leave the oil / water
separatoj.

A Conduct additional research into determining if byproducts from the shale oil can be economically
recovered(Both minerals (multminerals) and chemical by prodsavill be consideredl.

A Conduct a pilot test of twb spot patterns (each pattern uses 4 injectors, 1 prodticer)

Schedule andMilestones

Chevronds proposed a research and pi (Fgure tlmatst i ng ¢
would entaildrilling wells into the formation and applying a series of controlled horizontal fractures
within the target interval to prepare the production zone for heating aiitl icombustion.

A Phase 1:Analyze core from 2,800 feet (mahogany zone). Upon completavert the well into a
ground water monitoring well (with others) to establish baseline conditions, and begin a
groundwater and aquifer characterization program.

A Phase2Dri I | well to test Chevronds fr adeddori ng me
the installation of 25 tilt meters and 2 geophones to monitor the formation during the fracture
process. The initial well will be turned into an injector at the end of the phase.

)

Phase 3Drill 1-4 additional fracture test well to confirm tés, each 100 feet apaft*

A Phase 4:The shale will have additional fracturing through thermal cycles of gas (CO2) injections
into the formation, testing the flow between the connected fracture wWélls.

A Phase 5:Slowly heat formatiorwith pressurizedjases (C@ that are reheated and recycled into
the formation. Formation heating is supported by Rédiquencies through inserted rods, spaced
many meters apaft.?®
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Figure 7. C h e Wecbnolagg Development Schedule for BLM Lease

PHASFE 1: SITE PREF & CORING|{2006 2007 | 2008 (2009 | 2010 | 2011 2012 | 2013
Prapars site & drill core —
Gather seismic and wel log data -

PHASE 2:INITIATE FRACTURES
Imstall tilt meters & geophones
Install ground water wells -

Develop ground water baseline
Initiate fracturing & rubblization -

PHASE 3:L OCATE FRACTURES

Drill additicnal welis -

PHASE 4: ADD FRACTURING

Install gas injection facifties —
Install natural gas pipelineg —
—

—

nsial slectrical feeder to site

Genesrate thermal cycling to rubblize
PHASE 5: HEAT FORMATION
Inj=ct hot gases to flow thru formation —
PHASE 6:FREODUCE SHALE OIL
Oecompose kerogsn —_—
Produce il o —

PHASE 7: HEAT INTEGRATION ——
Drill new pattern & heat to produces oil

A Phase 6:The heating of the shale formation will continue to the point where the kebsggns

to decomposé’ The oil and water will be separated, stored, and trucked ttegred processing
facilities.

Phase 7:Process is repeated with the drilling of a new well pattern adjacent to the first. This will
include pressuring air into the defed portion of the formation to create in situ combustion of
the residual organic material remaining in the oil shale, which is used in the heating of the newly
fractured zone. O,is recovered for reise %!

2. Progress and Accomplishments

Ch e v r oogréss in implementing its planned R&D activities on its BLM lease are listed below ans
summarized in Table 6.

A

A

™

In 2006 Chevron teamed up with the Los AlaméationalLaboratory to help in the simulation and
modeling ofits oil shale researcif.

Analysesconducted by e Lawrence Livermore National Laboratoegtimated potentiaCO,
emissiongo be230 kg/bbl andstimated C@mitigation to cost $6.90/bbl.

In 2007 Chevron presentaghalytical results of the mineralogy the site to the Colorado Satimf
Mines Oil Shale Symposium; geological and hydrological tests contiiued.

By 2009Chevronhad performed geological and hydrological $@st the RD&D site.

In 2011, Chevron reported that it Hadrilled, logged and cased one core haempletedcore
studiesand geological testgrilled 15 ground water monitoring wells, and performed various low
temperature recovertests® Chevronwas continuing to analyze cores obtained from its Federal
core hole 39%-1. Chevron was alsocontinung to processcrosswell bmography data to better
understand rock mechanics, fracture characteristics and potamsatropy, and wadevelopng a
basin wide hydrology model.
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Table 6: Chevroni In-Situ Project in Colorado (Lease Issued 01/01/07)

Plan Elements Progress Relativeto Plan

A. Research Goals

A Recover 90+% of total energy in target zond A Chevron testing processes for efficient heating, heal
by in-situ combustion of residual organic recovery, and heat transfer, and production of
matter after pyrolysis hydrocarbons and byproducts

A Recovery and use of waste heat from
produced fluids (oil; water)

A Economic recovery of byproducts (mineral
and chemical)

B. Milestones and Activities

1. Site Prep & Coringby EOY 2006 (2007) ADi dnoét receive |l ease un

A Completed 2010

2, Initiate Fractures by EOY 2008 (2009) A Geological and hydrological tests continued througH

(geophones, monitoring wells, groundwater 2009,

baseline; initiate fracturing) A Reported this activity complete in 2011

3. Locate fracturesby drilling more corebles: | A Crosswell tomography ongoing to understand rock

EOY 2008 (2009) mechanics and fracture characteristics ongeimgpt
clear whether completed as of 10/11

4. Additional Fracturing : gas injection A May be off schedule by 1 year or more;

facilities; gas pipeline; electric feed; begin

thermalcycling to rubblize by EOY 2009 (2010

5. Heating the Formation Hot gas injection A Technology development underway at Chevron labg

into formation by Early 2011 (2012) and at LANL

A Chevron says some letemperaturdeating tests have
been conducted, but not clear whether this was don
the lab or in the formation

A Unclear whether the proposed 2 5spot patterns hav
been drilled. Does not appear to have been initiated
of 10/11

A May be off schedule by 1 year or more

6. Produce Shale Oil Expected by end of
2012 (2013)

7. Heat Integration: Drill new pattern to heat/ | A Progress unknown
produce oil (EQY 2013 (2014)

3. Future Plans

Next Steps

Chevronhastakena long term approach to oil shaléth a budgetedout nostly parttime, research team
dedicated to enhancing the technology to commercializ&tion.

In March 2012, Chevron announced thdtile its research activities had yielded new information and
valuableinsights the company would discontinue lease actigitid divest its BLM leasdt is not yet
clear whether the lease will be relinquished back to BLM or transferred to another operator.
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C. ShellFrontier Oil & Gas Company (3 Lease3

1. Original Plans

On December 15, 2006, the BLM issufdee
(3) RD&D leasesto Shell Frontier Oil and Gas
to test and demonstrate three variations
Shel |-85t il Bonversio
The three lease sitesre adjacent to one
another in the northwest portion of th
Piceance Basin, as shown in Fig@e The
Shdl lease sites contaihigh grade oil shale
resources that are estimated to yieldre than
25 gallons/ton of shaleas well as other
valuable minerals, including Nahcolite
Research and pilot testing at Sitesaid 3,
containing 300 million and 274 millirobarrels
of oil equivalent (BOE), respectivelyill
target resources in the-Rthrough R7 zones
in the Parachute Creek member of the Grej
River Formation, as shown in FiguBeabove
Work at Site 2, containing some 35illion
barrelswill target theR-3 through R7 zones.

Proposed Technology and Approach

Shell Frontier Oil and Gas, Inc. (Shell) intends to develop three pilot projects to gather operating data for
three variations to isitu hydrocarbon recovery from oil shalll three of the propogkresearch and
pilot test projects involve the application of the ShelSitu Conversion Process (ICP).

In this process, the target zome isolated from
groundwater itrusion (where necessayy by

construction of a freezewalbr by natural geologic
containment. Downhole heaters are inserted |
heater holes drilled to the base of the targ
formation and the target resource is slowly hea
untii  embedded kerogen is converted

hydrocarbon gases and liquidgaturally occurring
fracturesand thosecreated by the heating proces
facilitate resource heatingnd the communication( .
of produced liquids and gases pgmductionwells. -
(Figure 9)

Oil Shale Testat Site 1: Shell proposed to conduc
an Oil $hale Test (OST) project to test the-situ -
extractionprocess components and systearsd to
demonstrate the commercial feasibility < L
extracting hydrocarbons from oil shal€his test
would employ the same cased electric heaters
Shell has used in ICP tests on its private lan
Once the hydrocarbons V& been produced, the
subsurface area will be reclaimed by flushing the heated zone with water, allowing the freezewall to thaw,
plugging and abandoning the wells, and decommissioning and removing surface facilities.

Figure 9. Shell In-Situ Conversion Process (ICP)

| TR A
H“";h quality products
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ICP Nahcolite Test at Site 2 Shell poposed to conduan In-situ Conversion Process (ICEstthat
would demonstrate the technical feasibilityoofmbiningconventionalNahcolitesolution mining(using
hot waterjandextraction methods witthe ICPhydrocarbon extraction technolody.

E-ICP at Site 3 Shell proposed to conduct atectricICP (EICP) or advanced heater technology test
assess an innovativeater technology concefdts in-situ heating1,950 foot long bare electrode heaters
concentrating heat output in the bottom Q88 could reduce well costs, improve energyadéncy, and
make more Piceance Basin oil shale resources commercially Viable.

Research Goals
Theinitial RD&D goalsproposed by Shefbr each of these projecasesummarized in Tablg, below?®

Table 7. Shdl RD&D Goals for Three BLM Oil Shale Leases
Site1: Oil | Site 2 ICP/ Site 3
RD&D Goals Shale Test| Nahcolite E-ICP
Demonstrate the H8itu Conversion Process 0 0 0
Gather additional operating data and information 0 0 o]
Allow testing of components and systems to demonstratg o . .
. L ) : 0 o} 0
commercial feasibility of recovering hydrocarbons from oil shg
Experiment with lift systems for use in producer holes 0
Installheatersn lower oil shale resourcé&{4 to top of R2) 0
Determine practicality of combiningahcoliteflushing with ICP 0
Test and demonstrate desalting and distillation technology 0
Evaluateair mistfluid or aerated fluid drilling forreezewall 0
Test use ofilternativeheater technologys. cased heaters o]
~1000 ~1500 Bbls 600i 1500
Expected Productioolumeduring R&D period BOE/d at Untreated Bbl/d
peak Condensate
Revised Production VolumEstimatesPer 2008BLM Approved | ~1500 Bbls | ~1500 Bbls ~1500 Bbils
Plan Addenda (10-30 bpd) | (10-30 bpd) (10-30 bpd)

2. Progress and Accomplishments
Shell Research on Private Lands (noBLM Lease):

Shell has conducted an extensive program of research, development, and pilot testingCef its
technology and freezewall technology on a small scale on its own (amdsiot on BLM leasesh the
Piceance BasirfFigure §.*° Shell has conducted six (6) oil shale heating/heater tests (Red Pinnacle,
SIFT, MFE, MTE/DHT, MDPo, MDPs, & MIT) and tw(?) freeze walltest§MIT and FWT). Three of

these tests, described below, proviagortant information and insights aboutsitu heating, fracturing,
groundwater control, and subsurface reclamation from heating and Wekzgperations.

Mahogany ICP Demonstration (South) Test This project soulgt to demonstratligh volumein-situ
hydracarbon productiorf> 1,000 bblsland recovenefficiency by the ICP processOn a 30 x 40 foot
testing area, Shell successfully recover&86Qparrels of high qudl light oil plus associated gas from
shallower, lessoncentrated oil shale layerBost production coring confirmed the recovery to be
approximately 60% of Fischer Assay, as predicted.
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Mahogany Isolation TegMIT) (20022004) In this project Shellsought todemonstrateahe freezeavall

technologyandits usethein-situ heatingandextracton of hydrocarbons, ansite reclamation technique

In this test,Shdl successfully formed a free@all by circulating chilledcalcium chloride brine through

18 freeze holes in a 50 foot diameter ring. Two heater holes and one production waellillertén the

center of the ring. This test confirmed the ability to precision drill freezer holes for the entire depth and
the ability to form and close a single impeahke subsurface freezewall. A heating phase demonstrated
the conversion of usitu kerogen to oil and gas, containment of the heated area by the freezewall, and

facilitated a subsequent demonstration of qpostiuction reclamation approaches in the heated*°

Freezewall Test (FWT) (20052009).In this test,Shell sought to demonstrate the freezewall technology

and its ability to form it over the entire commercial interval as well as the ability to detect and quickly

repair any breaches in the freeze lw&hell successfully formed a freezewall across the entire

commercial interval by circulating chilled agua ammonia through 136 freeze wells. By deliberately
breaching the freezewall, Shell determined that freezewall breaches can easily be detectedfby use
pressure monitoring and later pinpointed via temperature Bigsaches can be -sealed quickly via

pressure equalization across the freeze WAl

MIT Reclamation Test. Following the successfiMahogany Isolation Test (MITShell alsosought to
demonstrate that injection of water into the heated formation after hydrocarbon production could result in

successful flushing of nenydrocarbon contaminants to greezewall levels.Data indicated that the

inorganics did not require reclamation and ngutated inorganics were increased by heatiag.for the
organics, only seven regulated were ever detected reliably (even prior to active reclamation/flushing).

Active flushing from Nov 2003 to Aug 2004 reduced the only constituent above regulatoryrétamda

benzene (toluene, ethylbenzene, xylenes were detected, but below drinking water standards). Natural

attenuation and decay hsiscefurtherreduced the BTEX concentratio®y 2011,benzene was the only
contaminanstill above the desired standanai continues to be remediatéd

Lessons learndtom theseeffortswill be appliedto design pilot tests to be conducted on BLM leases.

Progress onBLM Leases:

Shell has continuedto correlate both analytical data and geophysical log information tposup

development of its three RD&D leases, drab beerassessing baseline groundwater quality actioss
Piceance Basin of Coloradd. Tables8-10 sumnarizeS h e | |

6s progr elsases.on i

Table 8: Shell Site 1: Oil Shale Test (OST)Lease Isued 01/01/07)

Plan Elements

Progress Relative to Plan

A. R&D Goals:

A Demonstrate ICP (w/ freezewall)

A Gather additional operating information and
data

A Allow integrated testing of systems and
components to demonstrate commercial
feasibility

A Experiment withift systems for production
holes

A Produce~1500 BOE(20-30 bbl/dat test

peak.

A Shell has not initated OST RD&D activities on Site 1
A Between 2002 and 2004, Shell tested ICP heating,
pyrolysis and productioron Shell lands ithe Basin.

A The Mahogany Islation Test (MIT) successfully
demonstrated thizeezewall, heating pyrolysis and
production, and active reclamation.

A FWT test confirmed ability to establish and maintain
freeze wall over entire

A Continued monitoringndicaespositivereclamation
results only benzeneemains hove the regulatory
standardand requires further remediation.

A Shell may propose a pilot test on Site 1 RD&D leasg

B. Milestones & Activities

Phase 1 Site Preparation early Yean2/08)

A Not conducted on BLM lease

Phase 2 Subsurface Pref21 months) §9/08

A Not conducted on BLM lease

Phase 3 Production: 24mo afterPh 2. (09/10

A Not conducted on BLM lease

Phase 4 Reclamation: 11ng post Ph. 3 (09/21)

A Not conducted on BLM lease
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Shel 1| 6s first project o nitspropdsedMCPRIEh&De guredacton prgectt e wi |
on Site 2, described in Table 9, below.

Table 9: Shell Site 2: Nahcolite/ ICP Oil Shale Test- East RD&D (Lease Issued 01/01/07)

Plan Elements Progress Relative to Plan

A. R&D Goals:

A Demonstrate ICP (w freezewall)

A Gather operating info and data

A Allow testing of systems and components
demonstrate commercial feasibility

A Install heaters in lower oil shale resource | A Plan has been modified to tetghe saline zone below
from top of the R4 to top of the R2 peting the R4 zone to allow testing in the Nahcolite zone
research without a freezewall

A Determine practicality of combining
Nahcolite with ICP

A Determine practicality of airmist fluid drilling A No freezewall
or aerated fluid drilling for freezewall

A Produce 500 bbls untreated synthetic crud| A No change Produce 500 1000 tons Nahcolite to
at peak of test develop permeability; 1500 bbls cum. oil

B. Milestones & Activities

Phase 1i Design & Pemitting Preparation | A Conducted full environmental baseline

(Schedule undetermined) A shell completed the research, design and permitting
phase in 2011 12 age permit

A 13 heaters, 2 producers, 6 observers with a central |
well in a hex pattern

Phase2 i Equipment Fabrication and Field A Equipment fabrication is in progress; field constructid

Construction expected to begin early 2012

Phase 3- Execution

Freeze wall (1 year) A NA - No freezewall will be constructguer 2008
Nahcolite solution mining (:25 months) Addendum. Project will utilize and test Natural
Dewatering inside freezewall {2 mmths) Geologic Containment.

ICP heating & recover{s-6 year$
Groundwater reclamation (5 years)
Thaw freeze wall (1.5 3 yrs) A Natural cooling in lieu offtaw

A Down gradient groundwater monitors

A Total project 3.5 4.5 years (20147)

Phase 4 Decommissioningand Site A Reduced due to 12 ac footprint, no freezewall, and
Reclamation(12-18 months) minimal site facilities

Table 10: Shell Site 3: EICP Oil Shale Test(Lease Issued 01/01/07)

Plan Elements Progress Relative to Plan
A. R&D Goals:
ADemonstrate | CP (w f|AProgressunknown

bare wire electrode heaters; combine therm
electric and ohmic heating to improve projec
economics by reducing heater wedlpital
costs; make applicable to lower richness sh

A Gather operating info and data

A Test systems and components to demonstr;
commercial feasibility

Alnstall 195006 heat er s zona
between the R and R-2 zones pendinR&D

A Determine pacticality of airmist fluid drilling
or aerated fluid drilling for freezewall
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A Produce 5500 bbls(10-30 bpg attestpeal
B. Milestones & Activities
Phase 1Ii Design & Permitting Preparation A Progressinknown

(Schedule undetermined) A Process R&D ongoing at Shell labs
Phase Z Equipment fabrication and field A Progress unknown

construction

Phase 3- Execution A No field execution initiated

Freeze wall (1 year)

ICP heating & recovery-b years
Groundwater reclamation (5 years)

Thaw freeze wall (1.5 3 yrs)depending on
reclamation program

Phase 4 Decommissioningand abandonment| A NA
(12-18 months)

3. Future Plans
Next Steps:

Site 27 ICP/Nahcolite Project: Shell hascompleted thedesign ofa 3.5 to 4.5 yealCP-Nahcolite
RD&D project that will be conducted on its East BLM RD&D lease (Sitebyinning early in 2012.
The thre phase project includes leaching Nfihcolite pyrolysis and production of oil shale and
hydrocarbon products, and reclamatfon.

The presence of Nablite (sodium bicarbonate) Figure 10: New Target Zone for Site 2 Test.
in the portions of the Piceance Basin has limit--'
. L STRATIGRAPHY HYDROSTRATIGRAPHY
the applicability of the ICP process. Removal ,_ e ﬁ; Sl Wajar e
the Nahcolite from the formationby solution | m——— St
mining with heated wateagrior to in-situ heating N
e Linta

could improve the permeability angborosity of
the rock matrix in the target formation, attte
thermal efficiency of the process by exposit “f

more surface area for heating dogl preheating ™ o N
the shale with hot water. Further, in commerc Uinta
scale operations, the solution water can be hee w}

using waste heat transfed from adjacent ICP ..l - o
heated zones. Shell plans to demonstrate tt ,,| : -

Winka Formmalipn

benefits and efficiencie$. wl g —
New Target FormationVhen applied in oil shale e e e [
bearing zones contacted by groundwater, wf L= I

freezewall would be used to isolate theedo be .| El s m N

solution mined and IGReated. In a deviatior | | , | £ | T Paracis:

from its initial plan, however, Shell now intend || & | 2 = v,

to conduct the Nahcolite test pilot project in g L s S

deeper zone of the Green River formation. T | ” rd ¥ Lower
top of new target zonkethe Greeno Beetisata ™| - 3 g

deph of approximately 2145 feet, approximate ™ )

130 feet below the dissolution surface in tl " wa

Saline Zone, and extending to the base of the =« i :I

bed at a t%al depth of pximately 2,285 feet wu} g Top of New Target Formation
(Figure 10.”" This setting will allow for natural .. L - ! |

Wasaich

geologic containmnt of the test without the nee
for a freezewall. All of the wells will be packed
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off using conventional Figure 11: Drilling Plan for Nahcolite / ICP Test
technologies to protect
25

groundwater bearing zone betwee Hio | oBo1 OB0a(sAW) | wos|  [wos | osoz | Hos
* > —0—T0—0—0—9

the surface and the target zone. » & ®—_= "€ fi
Modified Drilling Plan For this & * / i)
pilot, Shell plans to drill3 heater S * | o 0
holes, 2 production wells, and < s i ad o
observation and geomechanic
monitoring wells on a permitted 1:3
acre area. For access and safé”

purposes, these wells will bE A
configured in an H pattern at thé-ls A AR b ] B Eu e Reees
surface and result in a hex patte ,, |

I
=3
N

1 (feet

° B
i

1

0BO03 OB06

HO T R

HO7

subsurface ueg a combination of P gz B o?d; Hg; 2
vertical and deviated wells (Figun 4 35 30 25 20 -5 -0 -5 0 5 10 15 20 25 30 35 40 45
11) .48 Distance East/West From HO1 (feet)

. . Shape Color
In the central Ieachlng We”, whick O sub-surface Location of Deviated Wells @ Observer (OB) and Geomechanics (OG) Wells
will later be converted to a centré @ surface Location of Deviated Wells O Producer (P) Wells
heater we | | , a @ Vertically Drilled Wells @ Heater (H) Wells

will be placed in the tubinrgasing annuluso minimize thermal losses during leachingll of the wells

will be drilled prior to initiation of the ® month leaching phase. Most surface facilities will also be
constructed prior to leaching, with only minimal facility conversion required as the project moves into the
2 year pyrolysis angroduction phase.

Shell expects to produce approximately 500 to 1,000 tohgbtoliteby hot water leachinglhe central
leaching well will later be converted to a central heating well. The removal of this mineral will develop
permeability in the shaleormation Upon completion of leaching operatiortse central leaching well

will be converted to a heater. Heating and pyrolysis is expected to yield about 10 to 30 barrels of oil per
day or a total of 500 barrels over the life of the pilot test.

Shel expects that reclamation will be achievednayural cooling in the formation after heaters are turned
off. A complete environmental baseline has already been developed. Shell will continuously monitor
surface and subsurface environmental conditiorfereand during construction and operations and
following reclamation of the site. If this pilot is successful, Shell hopes to convert &® Rbject to a
commercial lease.

Sites 1 and 3 TheR&D goals established for Site 1 have largely been aclkisimeg on private el
lands. The likely next step would be a larger demonstration on the RD&D lease.

D. Enefit American Oil i (Former OSEC BLM Lease

1. Original Plans

On June 21, 2007 tHBLM awardedOil Shale Exploration Company (OSEQ) ail shaleRD&D lease

for a160 acre tract located in Uintah County, Utah at Township 10 S, Region 24 E, .SZki8Tease

i ncl Urdcedad fia n White River Minewhich were development candidates under the Prototype
Oil Shale Leasing Program in the 1970s. A4 pathe lease, OSEC agreed to make oil shale available to
other researchers from the remaining stockpile of the White River Mine and to investigate the feasibility
of re-opening the mine to supply a surface retorting proj€8EC was owned and operatada group

of private investorsThe company was recently acquired by Enefit American Oil Company.
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Initial RD&D G oals*
OSEC proposed to:

A Conduct research tachieve a demonstration project that will inform and advance the knowledge of
commercially viabté production, development and recovery technologies consistent with sound
environmental management.

Demonstrate surface retort through the Al bert
demonstrate that it is a viable method for thermally processisp@duwil shale.

Apply a three phase approatthassesthe technical feasibility and economical and environmental
impacts of shale oil production.

Develop an understanding of hdugh volumes okpent shale can be disposed of at the surface in a
manner thais economical, environmentally acceptable in the very long. term

Research how the ATP technologguld be improved toachieve (a) predictable and safe air
emissions; (b) predictable and complete extraction of recoverable hydrocarduhs(c) a
consisént spent shale waste stream.

A Investigatespent shaléandling and disposal methadsminimize leaching impacts.

A Identify new revenue source and minimize waste dispossiten

Do o o Do

ProposedTechnology

Alberta Taciuk Procesor it A T PThe ATP is asurface baed rotating horizontal kilnetort The ATP

retort has four internatonesfor: (1) preheatingncoming shalg (2) pyrolysis of the oil shale under
anaerobic conditions; (3) combustion of coked solids to provide process heat; and (4) cooling of
combustiorproducts by hdaransfer to the incoming fedfigure 13.%°%

Figure 12: Alberta Taciuk Processor (ATP) Surface Report Schematic

Bl 5 sctrgs e
Vapour Combustion Hetar Retort Preheat Cooling Ol shale
fube zone seal tuJ:L‘i Zone feed
& T 1
|
] :
o B ZE0T
=
AEP_ z Biile shoe H I
bearing & Bile s
L1 'T—-— Flding Fing r1 | him:‘,‘
Retort suolils Dirive meshars riling ring
Eransport & dirive gear

hielis

ProposedRD&D Approach and Schedule
OSEC initially proposed atbe phas®D&D approach

Phase 1:Remove stored shales from site. Crush locally to transport via truck to Canada for processing
through a 4on/hour ATP pilot plant producing 650 barrels of shale(bil. months from start)

Phase 2:Relocate pilot ATP plant from Calgaty the White River Mine. The esite pilot will use stock
pile shale to process 6,000 barrels shalgbdl.monhs following Phase 1)

Phase 3:Permit and builch demonstration plartb process 250 tons/hoar 1.5 million tons of shale per
year, for over two years. During this time the mine will bepered and the new source of shglewo
years following Phase 2)
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2. Progress and Accomplishments

Shortly after the BLM lease was signed, OSEC sent samples of the White Riveoshede laboratories

for study OSEC also shipped 300 tons of crushed shale from Utah to Calgary, Alberta for test processing
in the ATP demonstration plantAlthough initial indications for the Alberta Taciuk Process were
favorable, OSEC determined it to be prudent to conduct an evaluation of other surface retorting
technologies for the White River site.

In 2008, seeking additional oihale resources OSEC acquired Cliffs Synfu€@&ECalsoformeda Joint
Venture with Petrobras & MitsuiPetrobras is the owner and licensor of the Petrosix vertical shaft retort
technology that has been in commercial operation in Brazil for more thape3@9. Mitsui offered an
expanded source of private investment capital for the next project phase.

Consistent with the BLM RD&D Plan of Operations and the joint venture ténmgint venture partners
planned and initiated comprehensivel5-part tedhnical, economic and environmental feasibistyidy

that included a comprehensive assessment of retort technology alternatives, including the Peisosix.
study was completed in 2008s part of this effort, OSEC constructed an air quatitynitoring sation

and developd a comprehensive environmental baseline for the RD&D site and the significant block of oil
shale leases and properties acquired since the BLM lease.

The results of the study Figure 137 OSEC Development Plan for 50,000 B/d Surface Retort Facility
included a 15 vyear . T

development plan for al

commercial oil shaldacility Utah Oil Shale Project Startup
to include the Petrosix retor 50,000 Barrels Per Day e s
as the primary technology ~ Facility
potentially supported by an Preliminary CFS Project Plan t

ATP retort to be used tg e
process the fines that could parp
not be processed by th
Petrosix  design (Figure
13).52 OSEC also began || =
discussionsvith an Estonian
oil shak company, Enefit,
about us i 280
technology.

In late 2010, Mitsui and
N ool o — —————
continue their investment in the proje@QSEC began to seek other private investors to continue the
project. On March31, 20110SE® s s h a&ts, arsl Jeasessvere wholly acquired by Enefit American

Oi | Company, t he US s-ownediddshatercgmpanyf Eedfi £neqin,iwidhotlse st at
approval of BLM and the US governrmef@SEC and Enefitdés progress rela
is sunmarized in Table 11.

Ramp Up Construction Period = 13.5 YEARS

3. Current Status and Future Plans
Current Status

The acquisition of all shares, property, leases and intellectual property of OSEC by Enefit American Oll
(EAQ) initiates a new chapter in the development plan and outlook for the IBasé EAO intends to

buil d on t he prior operatorséo resour ce acqui si
environmental assessment accomplishments. Enefit will use the combined sites, including the BLM
RD&D lease, to demonstrate the commerdedsibility of its proprietary surface retort technology, a

scale up of the Enefit 280 circulating fluidized bed retort. In addition to the approximately 545 million
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barrels of resources on the BLM lease and preference right extension, Enefit now eonaaditional 2
billion barrels of resource on state and private leases and holdings in the Uintah Basin.

Table 11: Enefit American Oil - Utah Surface Retort (Lease Issuetb OSEC07/01/07)

Plan Elements Progress Relative to Plan
A. R&D Goals:
ADemonstrat surface retorting using ATP AOSEC hvestigated ATP as well as Retix and
Enefit 280i prior to sale tdEnefit
A Determine technical, economic, and A Completed comprehensive feasibility and
environmental feasibility in Utah development plan
AUnderstand how spent shale can be A Developed shale management plan
managed environmentally
Almprove ATP for predictable and safe | AUnknown
emissions and products AThe new ownership and technology will require
new feasibility study and commercialization pla

B. Milestones & Activities

1. Shale Preparation and Testingn ATP | A Sent shale to 3 labs, including Calgary for testi

(11 months) e.g. June 2008 A OSEC aquired additional lands via purchase of
Cliffs Synfuels

A Formed JV with Petrobras and Mitsui to consid
Petosix alternative to ATP

2. Relocate ATP Pilot to Utahfor testing | ARelocated ATP to Utah

(14 monthsafterPh. 1) (AugSep 2009) Alnitiated 15 part feasibility study using Petrosix
w/ ATP as a fines retort witpositive results

A Prepared5 yr developmentlan.

AMitsui & Petrobrageasenvestmentlate 2010.

3. Permit and build a 250 ton/hr demo A OSEC sold t&Enefit American Oil (EAO)(03/11)

plant in Utah A Enefit American Oil is planning new poject
Reopen White River min@4 monthsafter usingEnefit 280 surface retort technology.
Phase 2) (Sep 2011) A Reaching agreement with BLM @mewand

different Ran of Operationdor the RD&D period
(and updatedDemonstration Plan for Enefit tech

A EAO will demoE-280technology in Estonia

A Test Utah oil shaleasnples in Germany

A Conceptual study complet®011

ANew environmental baseline (1.5 years)

A Planning for EIS underway

AMine development plan underway

A Design and build UtaRhase | commercial plant

A nitiate production 2020 (25K bbl/d) with a
second unit in 2025

Future Plans

New Technology:Enefit American proposes to conduct oil shale retorting operations using a scale up of

the second generation &nefitt s sur face retorting technology, t h
commercial scale project employirtgis technology is currently under construction in Estonia with
commissioning expected in 2012. Enefit will also evaluate a further scale up of the Enefit 280 plant to
achieve its US production goals. Produced oil will be upgraded to either synthe&oodriat regional

markets or endise diesel fuel. The Enefit 280 (Figure 14) employs an enhanced solid heat carrier
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Figure 14. Enefit 280 Surface Oil Shale SolicHeat Carrier Retorting Technology
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retorting technology surrounding horizontal kiln ret8itlajor enhancements engineered in collaboration

with the Finnish firm Outotec havacreased oistream time-70 percent. By recovering heat from both

the hot spent shale ash and flue gases and reusing it in the process, the energy efficiency of the process is
significantly improved. Combustion of the residual carbon on the spentistzatérculating fluidized bed

boiler results in cleaner flue gases.

Next Steps

Enefit intends tocorduct RD&D activities on theBLM leaseto commercializationits Enefit 280
technology Enefit hopes to accelerate development goals to initiate oik giraduction in 2020 at a
level of 25,000 bbl/dand implement a second retort dohievefull capacity of 50,000 Bbl/d in 2024
(Figure 15) Enefit is finalizinga newlease development plan with BLM for the RD&D period.

Figure 15: Enefit Timeline for Utah Project Development, including BLM Lease
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To achieve its goal&ndit AmericanOil will:

Conducta Conceptual studiy Completedn 2011

DevelopBaseline for Environmental Stud$.5 yeary

Planand preparation for El&tarted

Drill additional cores and mod#&eresource Ship samples to Germany for bench / pilot testing
Creat 30 MM t/yr surfacedindergroundnine plans tasupportplanneds0,000 bbl/d oibutput.
Build Enefit Technology osite including the new Enefit280 plant.
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l1l. 2" Round BLM Oil Shale Leases Pending NEPA Review and Approval

The BLM received three proposal i n response to its November

3, 2 C

shale RD&D lease nominations. All three were given preliminary approval, pending affirmative outcome

of NEPA reviews currently being performed. The locations ottiheependingandsix active BLM oil
shale RD&Dleasesare shown in Figurd6.>* The RD&D goals, proposed technologies, and activity
plans for each of these pending leases are discussed below.

Figure 16: BLM 2010 RD& D 2™ Round Nominationsin Colorado (l) and Utah (r)

A. AuraSource
1. Plans

In January 2010, BLM sel ectlédacrd parcal Sudn assaiated
preference lease area of 480 contiguous doteded inUintah County in Eastern UtafFigure ¥). The
lease is situated soutif the White River near the Colorado border AuraSource proposes to use the
proposed leastotest the use of aurfaceprocess thaficook® crushed shale at a low temperature to
release the kerogéh A subsequent commercial scédéeility would include a refinery forcesing up

to 1 million tons of oil shale annualfyom BLM and other sHa resourcesvithin the regiorr.”

Proposed Technology and Approach

AuraSource hopes to replicatea Utah the

success it has achiavén China, using same
the licensed technology and development ple~
AuraSource plans on using an ufiae

grinding and segration process callec
AuraFuel®®

Figure 17: Design for AuraCoal in China

The technology was developed by Pengchue
Tech and licensedo AuraSourceby Beijing
Pengchuang Technology Co., Ltd in 2010.
this process, mabove ground injector create
fluid shock waves in the target o (Figure
17). The zone is ground into ardtra-fine slurry
that is lifted for separationThe slurry is
pressurized to-145 psi® causingparticles to
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